Tumor necrosis factor-c~ (TNF-a), a potent cytokine mainly secreted by macrophages exerts pleiotropic effects on different cell types. However, the intracellular mediators of its action are not yet well characterized. To get an insight into endogenous cytoprotective mechanisms, we developed an in vitro model based on cultured cardiomyocytes treated with TNF-c~ at which we examined gene expression of heat shock proteins (HSP-27, HSP-70 and ubiquitin). Cardiomyocytes were isolated from the hearts of 18 day old fetal mice by enzymatic dissociation and grown in minimum essential medium containing 10% fetal calf serum. Spontaneously contractile cells were serum deprived for 24 h and treated with TNF-a (25 ng/ml) for 1, 2, 4, 6, 8, 12, and 24 h After each incubation, cells were processed to extract total proteins for Western and total RNA for Noi"thern blot analyses. TNF-ct induced arrhythmias and cessation of spontaneous contractions in a concentration and time dependent manner. Steady state (ubiquitin) or undetectable mRNA levels (HSP-27, HSP-70) were drastically induced (> 4 fold for all three genes vs untreated control cells) by TNF-c~, reaching maximal values between 6-8 h of stimulation. Thereafter, the expression of these stress genes declined but remained elevated as compared to control. By Western blot analysis, we found increased multiple bands of ubiquitin protein conjugates in TNF-c~ treated cells whereas no significant change in HSP-27 protein accumulation until 12 h was observed as compared to control. 24 h of TNF-ct incubation resulted in partial cellular necrosis. Our results indicate that TNF-c~ induces in cardiomyocytes transiently gene expression for cytoprotective molecules like HSP-27, HSP-70 and ubiquitin, suggesting these stress proteins to participate in subsequent defense mechanisms, for example in postischemic myocardial recovery. (Mol Cell Biochem 160/161:217-224, 1996) 
Introduction
Dysfunction of the coronary endothelium as well as injury to cardiac muscle cells are the consequences of myocardial ischemia and reperfusion. A number of factors including various cytokines like TNF-c~ are released in the postischemic myocardium [1] [2] [3] . These ischemia induced cytokines may mimic the local cellular injury and may contribute in altering molecular phenotype of the postischemic myocardium. Increase in local expression as well as in circulating TNF-c~ has been reported in experimental animals and in patients with myocardial ischemia and infarction [1, 3] . In a recent study, pretreatment of rat hearts with TNF-c~ was found to be protective from ischemia and reperfusion injury i [4] . However, in the normal heart, TNF-c~ may exert negative inotropic effects by directly altering intracellular calcium homeostasis in a concentration and time dependent manner [5] . We have shown earlier that perfusion of spontaneously contracting cultures of cardiomyocytes with a high dose of TNF-c~ (10,000 units/ml) led to arrhythmias with time and ,complete cessation of spontaneous contractions followed by severe loss ofmyocyte inotropy [6] . More recently, we have reported that TNF-a as well as interleukins (IL-2, IL-3, IL-6) induce formation of stress proteins in cultured cardiomyocytes [7, 8] .
We hypothesize thatTNF-et stimulates cytoprotective mechanisms in cardiomyocytes, and such mechanisms can be examined by investigating the expression pattern of various heat shock/stress protein genes.
TNF-c~, a multipotent cytokine, originally known for its anti-tumor activity, has now been implicated in several biologic processes including inflammation, immunoregulation, cytotoxicity, cytoprotection and angiogenesis [9] [10] [11] . TNFct is predominantly secreted by activated monocytes and it exerts pleiotropic effects on different cell types [10, 12] . However, the intracellular mediators of its action are not yet well known. Biological effects of TNF-ct in the target cell are initiated by its binding to high affinity cell surface receptors [13] [14] [15] . TNF receptors are expressed on the membranes of virtually all somatic cell types [ 13, 14] . TNF receptors channel signals to cytoplasm and nucleus, and thereby initiate profound alterations in the metabolic pathway and nuclear transcription [13] [14] [15] [16] . Two immunologically distinct TNF receptors of 55 kDa and 75 kDa apparent molecular mass have been identified and characterized [ 13, 14] . Many studies have demonstrated that TNF-ct induces phosphorylation of a stress protein of about 28 kDa in different cell types [7, 18-20] and this phosphorylation results from stimulation of G protein coupled signal transduction involving the mitogen activated protein (MAP) kinase cascade [ 17, 21 ] . Furthermore, TNF-c~ may function as indirect angiogenic growth factor because it is a potent noncytotoxic growth inhibitor for endothelial cells in vitro, and enhances neovascularization in vivo [ 11 ] , probably by inducing a potent angiogenic polypeptide such as vascular endothelial growth factor [22] .
Heat shock proteins (HSPs) are a group of highly conserved proteins that can be stimulated by heat shock and other environmental and pathophysiological stresses [23] [24] [25] [26] [27] [28] [29] . Also glucose regulated proteins (GRPs), ubiquitin, c~13-crystalline and heme oxygenase [24] [25] [26] [28] [29] [30] [31] [32] [33] are included in the group of HSPs. These proteins participate in cellular defense mechanisms and enable cells to survive and recover from stressful conditions [23, 26, 27, 34] . The proteins of the HSP-70 family are relatively well characterized; they bind toATP and help in posttranslational import of proteins into endoplasmic reticulum and mitochondria [23, 26, 35] . The small heat shock protein HSP-27 migrates to the nucleus upon stress, can act as a molecular chaperone and plays an important role in signal transduction and drug resistance [20, [24] [25] [26] [27] . Ubiquitin is a stress protein of 8 kDa that also belongs to the small heat shock family of proteins and contributes to ATP dependent non-lysosomal protein degradation [30, 33, 36] .
It is believed that the heart has its own endogenous system(s) for protecting itself against ischemia-reperfusion injury, and a number of liSPs that may act as chaperones in saving vital cellular proteins from degradation have been proposed [24-29, 34, 35] . Over the last many years, we have been interested in characterizing molecules in the postischemic myocardium that may play important roles in cellular defense, in particular against ischemia [8, 22, 25, 29, 33, 37] . In the present study we attempted to evaluate TNFot induced endogenous cytoprotective mechanisms in cultured cardiomyocytes. We developed an in vitro model based on cardiomyocytes treated with an adequate amount of TNFand examined the expression pattems of liSP-27, HSP-70 and ubiquitin at mRNA and protein levels.
Materials and methods

Cell culture
Cardiomyocytes were isolated from hearts of 18 day old fetal mice by the method described elsewhere [6, 7] . Briefly, small pieces of fetal cardiac tissue were subjected to trypsin (Bioehrom KG, Berlin, FRG) digestion (final concentration of trypsin 0.1%) in calcium-magnesium free phosphate buffered saline (PBS, 140 mM NaC1, 2.6 mM KC1, 1.4 mM KHzPO4, 8 mM NazHPO4.2H20 ). The supematants of the first two digestion steps were discarded and thereafter supernatants of two trypsinization steps were collected. Trypsin was inactivated by dilution of the supernatants into equal volumes of ice-cold alpha medium supplemented with 20% fetal calf serum (FC S), penicillin (25 U/ml), and streptomycin (25 gg/ml). All chemicals, antibiotics, and media were of tissue culture grade and procured from Sigma Chemie, Deisenhofen, FRG, or from Life technologies GmbH, Eggenstein, FRG. Cells were collected by centrifugation at 4°C in a Sorvall SS34 rotor at 1000 rpm for 10 min and seeded in petri-dishes with a coverslip at the bottom. The cell number was determined in a Neubauer chamber and adjusted to 1.5 x 106 cardiomyocytes per dish (Nunc, Denmark, diameter 6 cm). The adherent cardiomyocytes were incubated for 2 days in alpha medium with 20% FCS and another 2 days in Dulbecco's minimum essential medium (DMEM) with 10% FCS. Later on the cultures were transferred to L-valine deficient DMEM to prevent the growth of any fibroblasts. The cardiomyocytes which were spontaneously contractile (average frequency 86 + 16 cycles/rain) in culture were incubated for 5 days at 37°C in a humidified atmosphere with 5% CO 2 prior to start of serum deprivation and incubations. The contractility ofcardiomyocytes was followed in a microscope perfusion system at constant temperature of 37 + 0. I°C according to the method described earlier [6] .
lmmunofluorescence staining
In order to check the purity ofcardiomyocytes, culture dishes were fixed in ice-old methanol/acetone 1:1 for 10 min, washed with PBS and followed by incubation with anti-titin antibody (Boehringer Mannheim GmbH, Mannheim, FRG) diluted in PBS with 0.5% bovine serum albumin (BSA) for 60 min at room temperature. After washing twice with PBS, slides were incubated with TRITC-conjugated secondary antibody against mouse IgG (1:10) for another 60 rain at room temperature. The preparations were washed again, mounted and photographed under a fluorescence microscope (Axioskop, Zeiss, Oberkochen, FRG) using a Kodak Tri-X film (400 ASA). In addition, we also stained cardiomyocytes grown for 5 days in culture with anti-actin antibodies (Boehringer Mannheim GmbH, Mannheim, FRG) using rhodamine phalloidin. Photographs were taken by using a fluorescence microscope equipped with epi-illumination.
TNF-a incubation
Cultures of cardiomyocytes were serum deprived for 24 h. and incubated with the recombinant TNF-a (25 ng/ml, British Biotechnology Ltd., UK) for 1, 2, 4, 6, 8, 12 and 24 h. TNF-a was directly added to the culture dishes without exchanging the medium to avoid any culture shock. We used 3 x 106 cardiac myocytes for each time point and repeated the experiments for at least three times. Cells were harvested after each incubation directly either in guanidinium isothiocyanate buffer [38] for isolation of total cellular RNA or in protein solubilization buffer [39] for protein assay.
40, 41]. cDNA inserts were labeled employing a multiprime labeling system (Amersham Nederland BV, Den Bosch, Holland) to a specific activity of l09 cprn/gg DNA using [32p]_ dCTP (3000 Ci/mmol, Amersham Nederland BV, Den Bosch, Holland). Filters were washed at room temperature for 5 min in 2 x SSC (1 x SSC = 0.15 M NaCI, 0.015 M sodium citrate) and 0.1% SDS and at 55°C in 0. I x SSC containing 0.1% SDS for 20 min. Subsequently, filters were wrapped in household plastic wrap and exposed to Kodak X-OMAT AR films (Kodak Nederland B.V., Odijk, Holland) at-80°C for 1-3 days. A glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA probe (1.2 kb PstI fragment of human eDNA, procured from ATCC, USA) was used to rehybridize membranes for reference purposes. Furthermore, filters were re-hybridized with a cDNA insert of 770 bp encoding 28S rRNA in order to calculate the extent of induction of liSP expression after correcting the RNA loading differences. Hybridization signals on autoradiographs were quantified by video scann3ing in optical density mode using a Bioprofil version 4.6 computer program (Vilber Lourmat, France). Several exposures of the Northern blots were taken to ensure that quantitation of hybridization signals was in linear range. For normalization, optical density (O.D.) of hybridization signal for each gene was divided by O.D. of the corresponding GAPDH or 28S rRNA signal. Induction of each gene was calculated and expressed as % relative mRNA values (mean -+ S.E.M.) in TNFc~ treated cardiomyocytes as compared to control. Expression was.statistically analyzed using student's "t"-test and significance was accepted at p < 0.05.
RNA isolation and Northern blot analysis
Total cellular RNA was isolated from cardiomyocytes treated with TNF-c~ for different time periods by the method of Chomczynski and Saechi [38] . RNA concentration was measured by optical density and the quality of RNA was tested on a denatured formaldehyde agarose gel. For Northern hybridization, 15 pg of total RNA was denatured at 65°C in buffer containing formamide and ethidium bromide and electrophoresed on 1% agarose gel containing 2.2 M formaldehyde [25, 33, 37] . RNA was transferred to Hybond-N membrane (Amersham Nederland B.V., Den Bosch, Holland) by vacuum blotting. Thereafter, filters were air-dried, UV crosslinked in a gene linker (Bio-Rad Laboratories B.V., Holland) and ribosomal RNA bands were marked under UV light. Blots were hybridized at 42°C in a buffer containing 50% deionized formamide, 1.0 M sodium chloride, 1% sodium dodecylsulfate (SDS), 0.2% polyvinyl pyrrolidone, 0.2% ficoll, 0.2% bovine serum albumin, 50 mM Tris-HC1 (pH 7.5), 0.1% sodium pyrophosphate, 10% dextran sulfate and denatured salmon sperm DNA (100 ~tg/ml). Blots were hybridized with radiolabeled eDNA probes encoding HSP-27, HSP-70 and ubiquitin [36, 
Polyacrylamide gel electrophoresis and Western blot analysis
After each incubation, medium was removed and cells were washed with PBS, harvested and sonicated in Laemmli buffer (1% SDS, 0.1 M Tris-C1, pH 6.8, 20% glycerol, 0.001% bromophenol blue, 0.1 M DTT and 5% b-mercaptoethanol). Cell suspension was boiled for 5 rain in a boiling water bath, centrifuged, and then cell debris were discarded and the supernatant collected. The protein concentration was measured in the supernatants according to the method of Lowry et al. [42] using bovine serum albumin as a standard. Samples of 20 gl each were subjected to one-dimensional sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) in a discontinuous system using the method described by Laemmli [39] . The resolving gel concentration was 15% of the total acrylamide:bis-solution (37.5:1). The separated proteins were electrophoretically transferred according to the method of Towbin et al. [43] to a 0.45 gm nitrocellulose membrane (Schleicher and Schgll, Dassel, FRG) at room temperature using a transfer cell (Hoofer Scientific, San Francisco, USA) and buffer containing 25 mM Tris/glycine, 0.02% SDS and 10% (v/v) methanol, pH 8.3. After protein transfer, nitrocellulose membrane (controlled by Ponceau S staining) was blocked with 5% skimmed milk inTBS/Tween (10 mM Tris-HCI, pH 8.0, 150 mM NaC1, 0.05% Tween 20), incubated over night with rabbit anti-HSP-25 antibodies [44] in TBS/Tween and after extensive washing the antibodies were detected by means of alkaline phosphatase conjugated secondary antibodies employing a commercially available kit (ProtoBlot for Western Blot AP System, Promega Corporation, Madison, USA). Antibodies used for Western blotting were monoclonal antiubiquitin antibodies (working dilution 1:500) recognizing monomeric ubiquitin and ubiquitin-protein conjugates [31 ] and polyclonal antibodies against mouse HSP-25 [44] (working concentration I :750).
Results and discussion
Cardiomyocytes in culture
Under normal conditions, fetal cardiomyocytes in culture displayed rhythmic and synchronous contractions for several days. Figure 1 shows a microphotograph of spontaneously contractile fetal cardiomyocytes cultured for a week and stained with anti-actin antibodies. Actin was localized in cross striation in a very specific and regular manner with interspacing confirming one of the typical characteristics of cardiomyocytes [45] . We examined the purity ofcardiomyocytes in culture on a regular basis by plating them on glass coverslips and growing them for 72 h prior to staining with anti-actin or anti-titin antibodies [6, 8] . Serum deprivation of cardiomyocytes did not significantly alter the contractility without a sign of cellular damage up to 24 h, the time taken prior to start of TNF-c~ incubation [6] . However, treatment of cardiomyocytes with TNF-c~ (25 ng/ml) induced arrhythmias and cessation of spontaneous contractions in a concentration and time dependent manner. 8 h of TNF-ct incubation resulted in complete cessation of spontaneous contractions in serum depleted cells. Previously, we have shown that higher doses of TNF-ct (10,000 units/ml) caused complete cessation of spontaneous contractions as early as 11 min after starting of treatment [6] . This inhibitory effect of TNF-ct on contractility of cardiomyocytes was reversible upon incubation of cells in growth medium containing 10% of FCS.
When cells were treated for a longer period of time with a relatively low dose of TNF-cz (25 ng/ml), as in this study, 24 h of incubation resulted in cellular necrosis leaving a number of floating dead cells in the culture medium. From these observations it can be inferred that TNF-~x exerts a direct effect on contractility of cultured cardiomyocytes in a time and concentration dependent manner. TNF-(z has been shown to have a reversible and directly concentration and time depend- Fig. 1 . Fluorescence microphotograph depicting actin microfilaments in cultured cardiomyocytes. Cardiomyocytes were grown on glass coverslips for a week, stained with anti-actin antibodies using rhodamine phalloidin and photographed using a fluorescence microscope equipped with epiellumination as described in Materials and methods. Note the actinstained microfilaments showing cross striation in a very specific and regular manner with interspacing. ent negative inotropic effect on the myocardium [2, 5, 6] . In addition to such direct effects, TNF-a has been reported to be a potent inducer of cell surface adhesion molecules that facilitate adherence of neutrophils to cardiomyocytes and render them more susceptible to neutrophil mediated cellular injury [5, 46, 47] . Therefore, in pathophysiological conditions like myocardial infarction or ischemia, increased local myocardial expression may mimic tissue injury [2, 3] . TNFinduced intracellular signaling cascade downstream to the ligand receptor binding in cardiomyocytes has been shown to be mediated via G~ and G~ proteins and adenylyl cyclase system [17] that may account for the depressed contractile state of eardiomyocytes. However, the intracellular mediators of TNF-a induced cytoprotective events are not yet characterized. Therefore, it is important to understand the intricacy of cellular mechanisms responsible for pleiotropic effects of TNF-ct on cardiomyocytes and to determine whether this cytokine exerts its effect(s) directly or whether indirectly by stimulating and releasing other autocrine factors.
Effect of TNF-a on HSP-2 7 expression
Apart from its direct role in alteration of contractility of cardiomyocytes, that is whether TNF-ct participates in cellular protective mechanisms, we evaluated a number of stress related genes in relation to TNF-ct. Figure 2 shows the densitometric analysis of the expression pattern of HSP-27 mRNA in cardiomyocytes in relation to TNF-o~. By Northern blot analysis we detected a mRNA species of 0.9 kb encoding HSP-27 in untreated (control, C) as well as TNF-c~ treated cardiomyoeytes [7] . Expression of liSP-27 was drastically induced by TNF-ct already as early as within 1 h of incubation, reaching maximum levels at 6 h. Thereafter the expression remained elevated until 12 h of incubation (Fig.  2) . Earlier, TNF-a had been shown to induce increased phosphorylation of liSP-27, but not accumulation of this protein [ 18--20] . In our experiments we also did not observe any significant accumulation of liSP-27 protein in cardiomyocytes as analyzed by Western blot analysis using anti-HSP-25 antibody [44] , not even after 8 h of TNF-ct incubation (Fig. 3) . As positive and negative controls for the HSP-27 protein we included in our Western blots protein extracts from Ehrlich ascitus carcinoma as well as A431 cells, respectively (Fig. 3) . According to several previous reports, HSP-27 protein levels were unaltered in different cell types treated with TNF-c~ [ 18, 19] . In this paper we show that TNF-cc induces HSP-27 mRNA transcription but, for unknown reasons, this does not lead to an increase of HSP-27 protein levels. Therefore, increased mRNA levels seem to be a reservoir for quick HSP-27 synthesis when cell needs it. In such a process, TNF-c~ guided phosphorylation of HSP-27 may play an important role. We do not know yet the role of phosphorylated HSP-27 for cardiomyocytes but several possible explanations can be put forward. HSP-27 is a target of the MAPKAP kinase regulated signal transduction pathway [21 ] . Phosphorylated HSP-27 seems to differently influence actin polymerization 221 Fig. 3 . Immunoblot analysis of HSP-27 accumulation after TNF-a treatment. Proteins extracted from TNF-a treated cardiomyocytes for various time points indicated at the top were fractionated on 15% SDS-PAGE and silver stained (left panel). 5 gg protein from each sample were electrophoresed followed by electrotransfer and Western blot with antiserum recognizing HSP-27. Molecular weight markers (M) are indicated on the left in kilodaltons (kDa). C, control; AC, Ehrlich ascitus carcinoma cell extract, A431, A431 cell extract.
[48], a most likely very important process for heart muscle cells in particular upon cellular injury as for example due to ischemia, heat and TNF-ct. Furthermore, HSP-27 has a strong tendency to form aggregates or even high-molecular weight homopolymers [20] , which may be intracellularly regulated by -carious processes (cytoplasmic and/or nuclear localization) which are not yet understood. Mehlen et al. [20] have shown that TNF-ct induced expression and modifications in phosphorylation, intracellular distribution, and oligomerization of human HSP-27 that can be correlated to a reduced cytotoxicity of this cytokine in L929 cell. Therefore, phosphorylation and intracellular organization of HSP-27 in cardiomyocytes treated with TNF-ct, may be related to cytoprotective activity of this protein against the deleterious effects of this cytokine. In addition, a cytoprotective property of the small HSP family of proteins has also been attributed to their role to act as endogenous molecular chaperons giving rise to enhanced tolerance of cells to a stress condition [49] .
Effect of TNF-a on HSP-70 expression
TNF-a induced the expression of HSP-70 gene in cardiomyocytes whereas, there was no detectable mRNA expression in control cardiomyocytes (Fig. 4) . The mRNA signal of about 2.7 kb hybridizing to the HSP-70 cDNA probe was detectable at 2 h of incubation and the intensity of signal increased dramatically after 2 h of TNF-c~ incubation, then it remained increased until 12 h, with maximal expression at 8 h [8] . TNF-ct incubation of cardiomyocytes for 24 h resulted in decreased mRNA expression of liSP-70 (Fig 4) . Several groups including our own have shown that myocardial ischemia and reperfusion induce the expression of liSPs that may be involved in the myocardial adaptation and cellular tolerance to ischemic stress [25, 28, 29, 34] . Watanabe et al. [51] have found that TNF-c~ transfected cells expressed an increased amount of HSP-72 supporting a direct regulation of heat shock protein genes by this cytokine. TNF-ct that may participate in cellular injury has been shown to be produced in the postischemic and/or infarcted myocardium and to probably account for the enhanced circulating levels of this cytokine [1] [2] [3] . Therefore, it is important to understand the intricacy of cellular mechanisms responsible for the pleiotropic effects of TNF-ct on the cardiomyocytes and to determine whether this cytokine exerts its effect(s) directly or whether indirectly by stimulating and releasing other autocrine and/or paracrine factors. It is believed that HSPs play an important role in transient adaptation in cellular activities, thereby coping with the stress period by protecting essential components of the cell and allowing the cell to recover from the stress [23] [24] [25] [26] [27] [28] [29] . Thus, elevated expression of HSPs in cardiomyocytes upon TNFct treatment is an indication for induction of heat shock response as the basis of transient cellular adaptation. TNF-ct pretreatment for 24 h in rats has been found to be beneficial for the heart against ischemia-reperfusion injury and this beneficial effect could be mediated via the increased levels of MnSOD [4, 50] . In our cell culture model, the induction of MnSOD, an enzyme involved in detoxification of superoxide anions in mitochondria in response to TNF-a, could also not be ruled out.
Effect of TNF-a on ubiquitin expression
We examined TNF-ct treated cultured cardiomyocytes for expression of ubiquitin and ubiquitin-conjugates in order to evaluate the extent of cellular protein damage by this cytokine. Multiple mRNA bands encoding the monomer as well as polymers ofubiquitin were detected in cardiomyocytes [8] . Steady state mRNA levels of ubiquitin were drastically induced (> 10 fold versus untreated cells) by TNF-a being maximal at 6 h of stimulation and thereafter expression of this stress gene declined but remained elevated as compared to control (Fig. 5 ). Ubiquitin is a highly conserved protein found in all cell types contributing to non-lysosomal and ATP dependent cytosolic proteolysis [25, 30, 31, 36] . In a porcine model of myocardial ischemia and reperfusion, we have earlier reported that ubiquitin mRNAs as well as monomeric and conjugated ubiquitin protein levels were enhanced in the postischemic heart [25] . Myocardial ischemia is known to produce a number of intracellular changes within cardio- myocytes including increased cellular calcium levels, free radical production, decreased intracellular pH, decreasedATP and glucose levels, etc. These cellular alterations lead to metabolic or hypoxic stress and result in cellular injury that may be characterized by denaturation and/or disturbance in three dimensional structure of many proteins. Medina et al. [32] have demonstrated that increased protein degradation in muscle atrophy caused by starvation and denervation is due to activation of the ubiquitin system for proteolysis as they found increased levels of polyubiquitin and proteasome mRNAs. Enhanced expression of ubiquitin in cardiomyocytes treated with TNF-cc is an indication of cellular protein damage. Figure 6 depicts increased intensity and number of ubiquitin-protein conjugates in TNF-cc treated cells as compared to control. Recently, it has been shown that an acute intravenous administration of TNF-cc (100 gg/kg body weight) in rats resulted in a time dependent increase in the levels of both free and conjugated ubiquitin in skeletal muscle [52] . Our results on ubiquitin expression indicate that TNF-a induces the non-lysosomal protein degradation pathway for clearance of damaged or denatured proteins in cardiomyocytes.
Conclusion
We have shown that TNF-a is a potent inducer of heat shock protein genes in cardiomyocytes. Induction of genes conferring resistance to the cytotoxic property of TNF-ct may provide a means to cardiomyocytes for self-defense under pathophysiological conditions. Hence, the induced expression ofcytoprotective molecules such as stress proteins (HSP-223 27, HSP-70 and ubiquitin) in response to TNF-cc may activate protective as well as repair mechanisms in cardiomyocytes for making them more resistant toward a subsequent challenge such as ischemia. It appears that TNFcc on the one hand mimics cellular injury in the heart and on the other hand simultaneously stimulates synthesis of vital proteins like HSPs and other proteins (for instance MnSOD) making TNF-cc an interesting and relevant cytokine for the cardiovascular system. Furthermore, the ubiquitin system could play an important role in cytosolic degradation of damaged proteins in TNF-a treated cardiomyocytes where HSPs may counteract the proteolytic events and preserve vital proteins. We conclude that the enhanced transcription of HSPmRNAs in response to TNF-oc in cardiomyocytes may be an important basis for activation of protective and defense mechanisms contributing to cardiac protection, for example against ischemia.
